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(57) ABSTRACT 

A communication network having at least one access point 
supports wireless communication among a plurality of wire- 
less roaming devices via a first and a second wireless 
channel. The access point comprises a first and a second 
transceiver. The first and second transceivers operate on the 
first and second wireless channels, respectively. Each of the 
plurality of wireless roaming devices are capable of com- 
municating on the first and second wireless channel. In one 
embodiment, the first wireless channel is used to exchange 
data, while the second channel is used to manage such 
exchanges as well as access to the first channel. In an 
alternate embodiment, both channels are used to support 
communication flow, however the first channel supports a 
protocol that is more deterministic than that of the second 
channel. Allocation of ones of the plurality of wireless 
roaming devices from one channel to the next may occur per 
direction from the access point. It may also result from 
decisions made by each of the wireless roaming devices 
made independent of the access point. For example, a 
decision may be made based on the data type being trans- 
ferred or based on the current channel load. Such factors 
may also be used by the access point for allocation deter- 
minations. En addition, allocation may be based on the type 
of roaming device involved, such as allocating peripherals to 
a slower channel. 
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LOCAL AREA NETWORK HAVING MULTIPLE 
CHANNEL WIRELESS ACCESS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of co- 
pending U.S. application Ser. No. 08/878,357 filed Jun. 27, 
1997, which is a continuation-in-part of U.S. application Ser. 
No. 08/772,895 filed Dec. 24, 1996, abandoned, which is a 
continuation-in-part of U.S. application Ser. No. 08/696,086 
filed Aug. 13, 1996, abandoned, which is a continuation of 
U.S. application Ser. No. 08/238,180 filed May 4, 1994, now 
issued as U.S. Pat. No. 5,546,397, which is a continuation- 
in-part of U.S. application Ser. No. 08/197,392 filed Feb. 16, 
1994, abandoned, which is a continuation-in-part of U.S. 
application Ser. No. 08/170,121 filed Dec. 20, 1993, aban- 
doned. 

[0002] The U.S. application Ser. No. 08/772,895 filed 
Dec. 24, 1996, also claims priority to PCT application Ser. 
No. PCT/US96/09474, filed on Jun. 3, 1996. 

[0003] All of the aforementioned applications are hereby 
incorporated herein by reference in their entirety. In addi- 
tion, U.S. Pat. No. 5,425,051 issued Jun. 13, 1995 to Ronald 
L. Mahany is also hereby incorporated herein by reference 
in its entirety. 

BACKGROUND 
[0004] 1. Technical Field 

[0005] The present invention relates generally to access 
points used in wireless local area networks, and more 
specifically to an access point which includes multiple 
wireless adapters. 

[0006] 2. Related Art 

[0007] Wireless local area networks (WLAN's) use radio 
frequency transmissions to communicate between roaming 
computer devices and access points (or base stations). The 
access points are connected to an infrastructure that elec- 
tronically connects all of the access points to a host system. 
The wired infrastructure and the access points make up an 
information distribution network used for the transfer of 
information and for communications. 

[0008] In a wireless networking environment, various 
types of devices may need to communicate within a given 
area. When incompatibilities between device types arise, the 
wireless infrastructure must accommodate the various 
device types. Accommodating the different device types in 
a single infrastructure is generally difficult to accomplish. 
Further, devices within the wireless networking environ- 
ment typically communicate differing types of data, each 
with its own priority and bandwidth requirements. Accom- 
modating the various types of data with their related priori- 
ties often could not be accomplished by prior devices due to 
bandwidth limitations, conflicting priorities and incompat- 
ible standards within the wireless network. 

[0009] In prior WLANs, a first wireless terminal that 
desired to communicate with a base station often could not 
detect transmissions from a second wireless terminal cur- 
rently engaged in ongoing communication with the access 
point. As a result, the wireless terminal often initiated 
transmissions that collided with the ongoing communica- 



tions. Operation of this type is referred to as a "hidden 
terminal" situation. To solve the hidden terminal situation, 
some prior base stations were configured with a second 
transmitter for delivering a carrier signal on a "busy chan- 
nel" whenever the base station was engaged in communi- 
cation on the "data channel." All terminals were also fitted 
with a second receiver, tuned to the busy channel, and 
required to check the busy channel before initiating com- 
munication on the data channel. However, the additional 
power required, bandwidth used, hardware needed and asso- 
ciated cost made the busy channel solution undesirable for 
most applications. 

[0010] Some prior WLANs attempted to solve operational 
difficulties by simply increasing the transmission capacity 
available on the infrastructure. Such expansion temporarily 
decreased conflicts in operation of the WLANs. However, 
the infrastructure, which is expensive to install, typically 
became overloaded quickly resulting in the same or similar 
problems. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to communication 
network that supports communication within a premises. 
The communication network comprises an access point, a 
plurality of wireless roaming devices, a first wireless com- 
munication channel, and a second wireless communication 
channel. The access point itself comprises a first processing 
circuit, a first radio transceiver coupled to the first process- 
ing circuit, and a second radio transceiver coupled to the first 
processing circuit. Each of the plurality of wireless roaming 
devices comprising a second processing circuit, a third radio 
transceiver and a radio receiver. Therein, the first wireless 
communication channel that supports communication flow 
via the communication network, while the second wireless 
communication channel is used to manage the flow of 
communication through the first wireless communication 
channel. In addition, the first and third radio transceivers are 
operable on the first wireless communication channel, while 
the second radio transceiver and the radio receiver are 
operable on the second wireless communication channel. 

[0012] The communication network also supports various 
other aspects of the present invention. For example, the 
access point may further comprise a wired communication 
interface circuit coupled to the first processing circuit. 
Selective participation on the first and second communica- 
tion channels may also provide further benefits. In one 
embodiment, each of the plurality of wireless roaming 
devices utilizes the radio receiver on the second wireless 
communication channel before participating with the third 
radio transceiver on the first wireless communication chan- 
nel. In another, each utilizes the radio receiver on the second 
wireless communication channel to gain access with the 
third radio transceiver on the first wireless communication 
channel. Each may also or alternatively utilize the second 
wireless communication channel to identify ongoing com- 
munication on the first wireless communication channel to, 
perhaps, provide an indication as to when channel capacity 
may become available. 

[0013] Other aspects may be found in an alternate com- 
munication network which also supports communication 
within a premises. This communication network comprises 
an access point, first and second wireless communication 
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channels and plurality of wireless roaming devices. The first 
wireless communication channel has first communication 
flow characteristics, while the second wireless communica- 
tion channel has second communication flow characteristics. 
The first and second radio transceivers participate on the first 
and second wireless communication channels, respectively. 
Therein, each of the plurality of wireless roaming devices 
comprises a second processing circuit and means for selec- 
tively participating on the first and second wireless commu- 
nication channels. 

[0014] The access point may also comprise a wired com- 
munication interface circuit coupled to the first processing 
circuit that may itself comprise a first and a second micro- 
processor. Additionally, at least one of the plurality of 
wireless roaming devices may participate on the first wire- 
less communication channel while the other of the plurality 
of wireless roaming devices participates on the second 
wireless communication channel. Although the at least one 
of the plurality of wireless roaming devices may participate 
on the first wireless communication channel as directed by 
the access device, other variations and combinations are also 
possible. For example, at least one of the plurality of 
wireless roaming devices may participate on the first wire- 
less communication channel to exchange a specific type of 
data, and/or may participate based on current channel con- 
ditions. Such participation may be based the fact that, in 
some embodiments, the second wireless communication 
channel is more deterministic than the first wireless com- 
munication channel. 

[0015] In any of the aforementioned embodiment, the 
communication network may comprise at least a second 
access point. Other variations and aspects of the present 
invention will become apparent to ones of ordinary skill in 
the art after reviewing the entire specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic representation of a high 
reliability access point in accordance with the present inven- 
tion. 

[0017] FIG. 2 is a schematic representation of another 
high reliability access point of the present invention utilizing 
an antenna diversity scheme at each wireless adapter. 

[0018] FIG. 3 is a representation of a distribution network 
for a wireless LAN system utilizing high reliability access 
points. 

[0019] FIG. 4 is a schematic representation of a high 
reliability access point with a backup power supply. 

[0020] FIG. 5 is a schematic representation of a remote 
high reliability access point connecting to the distribution 
network. 

[0021] FIG. 6 is block diagram illustrating an embodi- 
ment of an access point built in accordance with the present 
invention which includes two radios and a wired network 
interface, a first one of the radios operable on a first channel 
and a second one of the radios operable on a second channel. 

[0022] FIG. la is a block diagram illustrating an embodi- 
ment of a portable data terminal according to the present 
invention, the portable data terminal having a single PCM- 
CIA card that contains two radios, a first one of the radios 



operable on the first channel and a second one of the radios 
operable on the second channel. 

[0023] FIG. lb is a block diagram illustrating an alterna- 
tive embodiment of the portable data terminal of FIG. 7a, 
wherein the single PCMCIA card includes a single radio 
operable on the first channel and the second channel and 
controlled by the processing circuitry. 

[0024] FIG. 8 is a block diagram illustrating an alternative 
embodiment of a portable data terminal according to the 
present invention, the portable data terminal having a single 
PCMCIA card that contains a multi-channel wireless trans- 
ceiver and a wired network interface. 

[0025] FIG. 9 is a diagram illustrating a communication 
system built and operating according to the present inven- 
tion, the communication system including at least one access 
point having multiple radios, portable terminals having 
multiple radios and portable terminals having multi-channel 
radios. 

[0026] FIG. 10 is a diagram illustrating a communication 
system built and operating according to the present inven- 
tion wherein one of the access points facilitates communi- 
cation between portable terminal units operating on different 
channels within its cell by routing communication between 
two of its radios. 

[0027] FIG. 11 is a block diagram illustrating an embodi- 
ment of a communication system according to the present 
invention wherein an access point uses a dedicated control/ 
busy channel transmitter to manage transmissions between 
the access point and a plurality of roaming portable data 
terminals within its cell. 

[0028] FIG. 12 is a drawing illustrating advantageous 
operation of the access device and portable data terminals of 
FIG. 11 when two roaming terminals encounter hidden 
terminal conditions. 

[0029] FIG. 13 is a block diagram illustrating an alternate 
embodiment of the communication system of the present 
invention wherein an access point includes a dedicated 
control/busy channel transceiver and roaming data terminals 
communicate with the access point using either frequency 
nimble multi-channel transceivers or dedicated control/busy 
channel transceivers. 

[0030] FIG. 14a is a block diagram illustrating a commu- 
nication system of the present invention wherein access 
points and portable data terminals operate on a deterministic 
first channel and a non-deterministic second channel and the 
system routes communications on the channels based upon 
system conditions. 

[0031] FIG. 14b is a diagram illustrating operation of a 
communication system of the present invention having both 
wired and wireless communication capability that includes 
at least one access point providing communication over a 
deterministic, time bounded first channel and a non-deter- 
ministic, contention access second channel. 

[0032] FIG. 15 is a diagram illustrating the use of the 
access points and portable data terminals of FIG. 14a 
wherein the system routes various transmissions within the 
network system according to system conditions such as 
channel activity, data type and data priority. 
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DETAILED DESCRIPTION 
[0033] Referring now to the drawings wherein like refer- 
ence numerals designate identical or corresponding parts 
throughout the several views, FIG. 1 shows a high reliability 
access point built in accordance with the present invention. 
An access point is a base station on a wireless local area 
network with which roaming portable or mobile computer 
devices can connect and communicate. The access point is 
typically part of an overall distribution network which is 
connected to a host computer or entire computer local area 
network (LAN). The access points and the infrastructure 
make up the distribution network and allow for communi- 
cations between the roaming computer devices and the host 
computer or entire computer local area network (LAN). 

[0034] A high reliability access point 10 of the present 
invention includes a central processing unit CPU processor 
13 and at least two wireless adapters 15 and 16. Each of the 
wireless adapters 15 and 16 include a radio 17 and 18, a 
media access control (MAC) processor 19 and 20 and an 
antenna 21 and 22, respectively. The radios and antennas are 
used for RF transmission and reception. The MAC processor 
controls low level protocol functions including controlling 
the operation of the radio, radio channel, error control, e.g., 
ARQ or Selective Response, and communication with the 
CPU processor 13. The CPU processor 13 controls the 
high-level communications protocol functions and controls 
the interface 25 between the high reliability access point 10 
and the infrastructure 26. In a preferred embodiment there is 
a PCMCIA standard interface between the wireless adapters 
and the access point. 

[0035] The distribution network is comprised of all of the 
access points and the infrastructure which connects all of the 
access points. A host computer or an entire host network is 
connected to the distribution network. The distribution net- 
work allows computer devices to communicate with the host 
computer or host network. 

[0036] The division between what is high level protocol, 
and thus handled by the CPU processor, and what is low 
level protocol, and thus handled by the MAC processor, can 
vary greatly depending upon the intelligence level of the 
MAC processor. In a preferred embodiment, the infiastruc- 
ture conforms to an industry standard wired LAN such as 
Ethernet. The MAC processor can be made very intelligent 
and therefore capable of handling a great deal of radio 
specific protocol. On the other hand, the MAC processor can 
be minimally intelligent and handle only the most basic 
protocol functions allowing the CPU processor to handle the 
majority of the protocol functions. 

[0037] 'Utilizing multiple wireless adapters in a single 
access point, as well as incorporating independent intelli- 
gence and low level protocol responsibility into each wire- 
less adapter, yields several significant advantages. The 
examples depicted in FIGS. 1-4 show access points using 
only two wireless adapters per access point. Utilizing two 
wireless adapters in the manner discussed below will greatly 
increase the reliability of a particular access point, as well as 
increase the reliability of the entire distribution network. 
Access points could use more than two wireless adapters and 
the utilization of the multiple wireless adapters would be 
similar to the implementation describes using only two 
wireless adapters with addition protocol being required to 
handle the increased redundancy and to allow for more 
sophisticated self monitoring. 



[0038] Referring still to FIG. 1, the CPU processor 13 can 
designate the RF address to which each wireless adapter 15 
and 16 is to respond. The CPU processor 13 can, but need 
not, assign the same address to each wireless adapter. 
Therefore, in one configuration, the CPU processor 13 can 
designate that each of the wireless adapters 15 and 16 
respond to the address assigned to that access point 10. 
Designated as such, both radios 17 and 18 will be operating 
simultaneously on the same channel. In a frequency hopping 
system, both radios 17 and 18 would be operating on the 
same hopping sequence, and be mutually synchronized to 
that hopping sequence. 

[0039] Accordingly, the wireless adapters 15 and 16 are 
configured to receive incoming transmission from roaming 
computer devices within range. As both wireless adapters 15 
and 16 receive the transmission, each adapter can evaluate 
the quality information to the CPU processor 13. The CPU 
processor 13 uses the quality information to determine 
which wireless adapter is receiving the higher quality signal. 
The CPU processor 13 will then typically choose to receive 
the incoming transmission on the wireless adapter with the 
higher signal quality and respond using the same adapter. 

[0040] The antennas 21 and 22 can be positioned to allow 
the access point 10 to implement an antenna diversity 
scheme which will help reduce the negative effects caused 
by multipath interference. Antenna diversity can be accom- 
plished in various ways. For example, the antennas can be 
placed sufficiently far apart, typically greater than a quarter 
wavelength apart, or the antennas can be positioned at a 90 
degree angle with respect to each other to create a polar- 
ization antenna diversity scheme. 

[0041] With an antenna diversity scheme in place, the 
signal from a wireless computer device will be received 
differently on each antenna due to multipath signal propa- 
gation. Therefore, each wireless adapter may receive a 
signal of a different quality. The CPU processor 13 can 
choose which wireless adapter to use based upon the quality 
of the received signal. Each wireless adapter includes the 
capability of measuring signal quality and only good mes- 
sages will be forwarded on to the CPU processor 13. The 
quality can be appended to the message or can be presented 
to the CPU in a memory register. 

[0042] Referring now to FIG. 2, another high reliability 
access point 20 built in accordance with the present inven- 
tion is shown. In this embodiment, in addition to having an 
antenna diversity scheme at the access point level, there is 
an antenna diversity scheme at the wireless adapter level. 
Each wireless adapter 15 and 16 includes at least two 
antennas 21 and 23, 22 and 24, respectively positioned to 
create an antenna diversity scheme. Thus for the wireless 
adapter 15 the antennas 21 and 23 are either positioned 
sufficiently far apart, more than a quarter wavelength, or the 
antennas 21 and 23 are positioned in an asymmetrical or 
orthogonal manner to provide polarization diversity. The 
antennas 22 and 24 for the wireless adapter 26 are placed in 
a similar manner. 

[0043] In this embodiment, an incoming signal is received 
on both antennas 21 and 23 of the wireless adapter 15. The 
MAC processor 19 then determines the quality if the signal 
coming in on each of the antennas 21 and 23 connected to 
the wireless adapter 15. Based upon the signal quality 
information, the MAC processor 19 will choose which of the 
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antennas 21 and 23 to use to receive the incoming trans- 
mission. The MAC processor will also forward the signal 
quality information regarding the selected antenna to the 
CPU processor 13. The wireless adapter 16 will perform a 
similar process and forward the signal quality information 
for its best antenna to the CPU processor 13. The CPU 
processor 13 can then determine which wireless adapter is 
receiving the highest quality signal and use that wireless 
adapter to receive the incoming transmission and respond to 
the transmitting station. 

[0044] When a high reliability access point wishes to 
transmit a message, such as an acknowledgment of a 
received message, to a roaming computer device, the CPU 
processor 13 will utilize the received quality signal infor- 
mation to determine which wireless adapter to use to send 
the message. Likewise, if the wireless adapter is utilizing an 
antenna diversity scheme it will also select the most appro- 
priate antenna for transmitting a message. 

[0045] While one of the wireless adapters is transmitting, 
the other wireless adapter can operate as a promiscuous 
listener to determine if the correct message is being sent. For 
example, referring to FIG. 1, if the CPU processor 13 is 
sending a message to a roaming computer device via wire- 
less adapter 16, wireless adapter 17 can operate in the 
receive mode and monitor the message being sent by the 
wireless adapter 16. This provides a local loop back capa- 
bility and allows the access point to perform self-monitor- 
ing. If the CPU processor 13 determines that one of the 
wireless adapters is not operating correctly, the malfunc- 
tioning wireless adapter can be disabled. Additionally, the 
CPU processor 13 can then send a message to the system 
management portion of the host network via the infrastruc- 
ture 26 that it has a defective wireless adapter and repairs are 
needed. 

[0046] Referring again to the configuration in which each 
of the wireless adapters is listening on the same channel, 
another advantage achieved by this configuration is the 
ability to receive two concurrent messages. In an access 
point that only contains one adapter, this situation will cause 
a collision and neither message will be received. In a high 
reliability access point built in accordance with the present 
invention, it is possible that the one wireless adapter will be 
able to receive one of the messages while the other wireless 
adapter receives the other, due to multipath fading at each of 
the wireless adapter antennas. 

[0047] Referring now to FIG. 3, a portion of a distribution 
network 30 utilizing high reliability access points is shown. 
The distribution network 30 includes an infrastructure 33 
and two high reliability access points 35 and 36. Access 
point 35 includes a CPU processor 37 and two wireless 
adapters 38 and 39. Access point 36 includes a CPU pro- 
cessor 41 and two wireless adapters 42 and 43. In the present 
example, a break 45 in the infrastructure 33 has occurred. 
Access point 35 is upstream to the break with respect to the 
host computer network and thus is not immediately affected 
by the break 45. However, access point 36 is downstream to 
the break 45 and therefore is no longer connected to the host 
computer network. 

[0048] When a situation like this occurs, the downstream 
access point 36 will begin attempting to communicate with 
an upstream access point using wireless communication. In 
this example, the upstream access point is access point 35. 



However, the communication need not be with the access 
point immediately upstream, the only requirement is that it 
be with an access point which is upstream with respect to the 
break. The host computer network or other access points will 
previously have shared the logistic and address information 
concerning all of the access points to each access point in the 
distribution network. 

[0049] Once communications with an upstream access 
point 35 is established, each access point 35 and 36 will 
dedicate one of its wireless adapters 39 and 42, respectively 
to provide a wireless repair of the break 45 in the infra- 
structure 33. When this happens, the CPU processor for each 
of the access points will instruct the dedicated wireless 
adapter to change so that it is no longer operating on the 
same channel as the other adapter in the access point. A 
communication channel between access points is estab- 
lished. The dedicated wireless adapters 39 and 42 will no 
longer be used to transmit or receive information to or from 
roaming computer devices. However, the non-dedicated 
wireless adapters 38 and 43 will communicate with the 
roaming computer devices. Once the top priority of re- 
establishing communications between all of the access 
points in the distribution network 30 and the host computer 
network has been accomplished, the access points can then 
send a message to the system management portion of the 
host computer network detailing where the break (or breaks) 
exists. 

[0050] It is conceivable that the distribution network could 
lose its entire infrastructure. In this case, each of the high 
reliability access points would dedicate one of its wireless 
adapters to network infrastructure communications while 
retaining one of its wireless adapters for communication 
with roaming computer devices. Using the same technique 
described above, a temporary or remote access point could 
be established that, intentionally, is not connected to the 
infrastructure. This configuration is discussed below in 
greater detail with reference to FIG. 5. The use of direc- 
tional gain antennas for the dedicated wireless adapter 
would allow the temporary or remote access point to be 
positioned a considerable distance from the infrastructure. 

[0051] Referring now to FIG. 4, a high reliability access 
point 50 with a backup power supply 52 is shown. Typically, 
the access point will be wired to an external power source 54 
such as a wall outlet. However, there is a great desire that if 
power is lost that the distribution network not shut down 
since the roaming computer devices will normally not be 
dependent upon the external power source 54. In this 
embodiment of the present invention, the back-up power 
source 52 is wired in parallel with respect to the external 
power source 54, Thus, if the external power source 54 fails, 
the access point 50 will not lose power. 

[0052] Referring now to FIG. 5, a remote access point 70 
is shown connecting to the infrastructure 33 by means of 
dedicated wireless adapters 62 and 72. The access point 70 
is not hard wired to the infrastructure 33. Therefore, the 
access point dedicates one of its wireless adapters 72 to 
network infrastructure communication. The other wireless 
adapter 74 continues to communicate with roaming com- 
puter devices within the range of the access point 70. An 
access point 60 that is hard wired into the infrastructure 33 
dedicates one of its wireless adapters 62 to network infra- 
structure communication and establishes a link between the 
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infrastructure 33 and the remote access point 70. The access 
point 60 can continue to service the roaming computer 
devices within its range through the wireless adapter 64. 

[0053] The hard wired access point 60 that is used to 
connect the remote access point 70 to the infrastructure need 
not be the access point that is physically closest to the 
remote access point 70. Use of the directional antenna would 
allow a remote access point to establish communication with 
virtually any of the access points that are hard wired to the 
infrastructure. Additionally, several remote access points 
could establish wireless infrastructure communication by 
each dedicating one of their wireless adapters. In this 
arrangement, only one of the remote access points need be 
in communication with a wired access point. All other 
remote access points could establish communication with 
the host computer network via the remote access point in 
communication with a wired access point. 

[0054] FIG. 6 is block diagram illustrating an embodi- 
ment of an access point 600 built in accordance with the 
present invention capable of communicating with wireless 
devices in its cell on both a first channel and a second 
channel. The access point 600 thus includes a first radio 616 
operating on a first channel and a second radio 608 operating 
on a second channel. The access point also includes a 
processing unit 612 and additional circuitry 614, both of 
which couple to the first radio 616, the second radio 608 and 
a wired Ethernet transceiver through a bus interface 610. 
The wired transceiver 606 allows the access point 600 to 
access a wired LAN backbone 622 to which various other 
system components may connect. The wired LAN backbone 
may include, for example, an ethernet network, a token-ring 
network or an asynchronous transfer mode (ATM) network 
among other network types. In any such case, the wired 
transceiver 606 facilitates communication between the 
access point 600 and devices coupled to the wired LAN 
backbone 622. 

[0055] The blocks illustrated in FIG. 6 are simplified for 
exemplary purposes, and it will be understood by one skilled 
in the art that an access point 600 according to the present 
invention is not limited to the block circuitry shown in FIG. 
6. In another embodiment, the access point 600 may contain 
additional transceivers for communicating on other chan- 
nels, over other mediums and in other networks as well. 

[0056] The first channel radio 616 couples to first antenna 
618 while the second channel radio 608 couples to second 
antenna 620. The antennas 618 and 620 may either be 
protruding or non-protruding antennas, depending upon 
system requirements. The first channel radio 616 and the 
second channel radio 608 operate independently to form a 
first communication cell and a second communication cell, 
respectively. When a radius of the first communication cell 
substantially equals a radius of the second communication 
cell, the cells substantially overlay one another. However, 
when the radii of the communication cells differ, the larger 
cell fully overlays and extends beyond the smaller cell. The 
first and second channels may operate using different fre- 
quencies, modulation schemes and code spreading schemes. 
The selections of such operational channel variations depend 
on overall system constraints, yet should result in two 
independent channels that do not interfere with one another 
unacceptable 

[0057] The bus interface 610 isolates the processing unit 
612 and the additional circuitry 614 of the access point 600 



from the operating characteristics of the radios 616 and 608 
and the wired transceiver 606. Thus, communication with 
any of the transceivers can be accommodated by general 
circuitry and software routines of the access point 600. In 
one embodiment, the bus interface 610 is a PCI bus interface 
with the first channel radio 616, second channel radio 606 
and wired transceiver compatible with PCI bus standards. 
However, in other embodiments, differing interface stan- 
dards may be employed. 

[0058] In operation, the processing unit 612 is pro- 
grammed with the network configuration to route commu- 
nications through the first channel radio 616, the second 
channel radio 608 and the wired transceiver 606. However, 
roaming portable units may alter the network configuration 
as they move between cells. Thus, the access point 600 
periodically polls devices within its communication cell to 
update the network configuration. Updates are entered and 
forwarded for other units in the system. 

[0059] Incoming messages received via the wired trans- 
ceiver 606 may be stored, displayed and routed via the first 
channel radio 616 or routed via the second channel radio 608 
to portable data terminals or other wireless devices operating 
within the cell(s) of one or more of the access point 600. 
Similarly, an incoming message on one of the radios 616 or 
608 may be stored, displayed, routed through one of the 
radios 616 or 608 or routed through the wired transceiver 
606, depending upon the message destination and type. 
[0060] By providing routing within the access point 600 
between the first channel radio 616 and the second channel 
radio 608, message delivery is expedited. Further, as will be 
described herein, by providing two radios in various access 
points, fewer cells may be required to adequately service a 
premises such as a factory. Moreover, when one of the radios 
is employed to provide control within a cell while the other 
radio provides primary communication within the cell, col- 
lisions between devices may be eliminated. Still further, 
when one of the radios provides a deterministic communi- 
cation path while another one of the radios provides a 
non-deterministic communication path, data and message 
transmissions within the network may be controlled to 
satisfy bandwidth requirements of the various devices within 
the system. It may be preferable to utilize a deterministic 
communication path for some types of communications such 
as telephony video or real-time data transfer, for example. 
However, when the preferred deterministic path is unavail- 
able for some reason, the alternative non-deterministic path 
may still be used. 

[0061] The access point 600 may synchronize transmis- 
sions on the first channel radio 616 and the second channel 
radio 608 to avoid unacceptable conflicts between transmis- 
sions on one radio and receipts on the other radio. In this 
fashion, unacceptable conflicts are minimized. 

[0062] FIG. la is a block diagram illustrating an embodi- 
ment of a portable data terminal 720 according to the present 
invention, the portable data terminal having a single PCM- 
CIA card that contains two radios. In particular, the portable 
data terminal 720 contains terminal circuitry 722 that 
includes processing circuitry 726, conventional terminal 
circuitry 728 and interface circuitry 730. The interface 
circuitry 730 provides a PCMCIA interface for receiving 
PCMCIA cards of various functionality. Terminal circuitry 
722 is well known and can be found in conventional portable 
or hand held computing devices. 
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[0063] Via the interface circuitry 730, the portable data 
terminal 720 accepts PCMCIA cards. As illustrated, the 
PCMCIA card inserted constitutes a communication module 
724 that provides wireless access on two channels. Specifi- 
cally, the communication module 724 comprises processing 
circuitry 732, first channel radio 735, second channel radio 
734 and interface circuitry 744. The first channel radio 735 
communicates via first antenna 737 while the second chan- 
nel radio 734 communicates via second antenna 738. Con- 
figured and operable in this manner, the portable data 
terminal 720 may communicate with the access point 600 of 
FIG. 6 on either the first channel or the second channel. 

[0064] Independent of whether the first channel radio 735 
or the second channel radio 734 is used, the processing 
circuitry 726 delivers and receives data and messages via the 
interface circuitry 730 in the same manner and format, i.e., 
the interface circuitry 730 supports a common communica- 
tion interface and protocol. The processing circuitry 732 of 
the communication module 724 receives data and messages 
via the interface circuitry 744. The processing circuitry 732, 
including a DSP 742, participates to assist in wireless 
communication via both the first channel radio 735 and the 
second channel radio 734. Thus, the module 724 not only 
saves on PCMCIA slots, but also saves costs and increases 
reliability by sharing common circuitry resources. In par- 
ticular, the first channel radio 735 and second channel radio 
734 share the interface circuitry 744 and processing circuitry 
732 which includes the DSP 742. In another embodiment of 
the portable data terminal 720, a PCMCIA compatible wired 
network adapter could be installed which would also share 
some of the common circuitry resources. 

[0065] FIG. lb is a block diagram illustrating an alterna- 
tive embodiment of a portable data terminal 748 that 
receives a single PCMCIA card having a radio 750 that 
includes two separate radio units. As contrasted to the dual 
radio design of the portable data terminal 720 of FIG. 7a, 
the radio 750 of the portable data terminal 748 of FIG. lb 
operates on both the first channel and the second channel. 
The radio 750 is coupled to antenna 756 and controlled by 
processing circuitry 752 that includes digital signal process- 
ing circuitry 754. The radio 750 includes a first radio unit 
operable on the first channel and a second radio unit oper- 
able on the second channel with the radio units sharing some 
common components. 

[0066] The processing circuitry 752 may control operation 
of the radio 750 in a simplex fashion such that the radio 750 
operates on the first channel as required and operates on the 
second channel as required. Because the radio 750 may 
includes circuitry shared by the radio units, the radio 750 
may only operate on one channel at a given time. By 
multiplexing its operation over time, however, the radio 750 
provides sufficient coverage on the channels at a reduced 
cost. Other components of the portable data terminal of FIG. 
lb were previously described with reference to FIG. la and 
will not be further described herein. 

[0067] FIG. 8 is a block diagram illustrating an alternative 
embodiment of a portable data terminal 800 according to the 
present invention, the portable data terminal 800 having a 
single PCMCIA card that contains a multi-channel (or 
multi-mode) wireless transceiver 739 and a wired network 
interface 736 (or modem transceiver). The portable terminal 
800 includes terminal circuitry 722 and a module 802 



including various components previously described with 
reference to FIG. la. The terminal circuitry 722 includes 
processing circuitry 726, conventional terminal circuitry 728 
and interface circuitry 730. The communication module 802 
includes processing circuitry 732, the multi-mode wireless 
transceiver 739, the wired modem transceiver 736 and 
interface circuitry 744. When in use, the wired modem 
transceiver 736 interfaces via a jack 740 to a telephone line 
(not shown). Similarly, the wireless multi-mode transceiver 
739 communicates via an antenna 741. 

[0068] The processing circuitry 732 of the communication 
module 802 receives data and messages via the interface 
circuitry 744. If the modem transceiver 736 is being used, 
the processing circuitry 732 appropriately (de)segments and 
(de)compresses the data/messages utilizing a digital signal 
processor (DSP) 742. Otherwise, the processing circuitry 
732, including the DSP 742, participate to assist in wireless 
communication via the multi-mode transceiver 739. Thus, 
the module 802 not only saves on PCMCIA slots (as 
required when a conventional radio card and a conventional 
modem card are both being used), but also saves costs and 
increases reliability by sharing common circuitry resources. 

[0069] The multi-mode transceiver 739 is frequency 
nimble and may operate in various modes, such as those that 
may be used with a frequency spreading scheme such as 
those described in U.S. Pat. No. 5,425,051 issued Jun. 13, 
1995 to Ronald L. Mahany, which is incorporated herein by 
reference. Thus, the multi-mode transceiver 739 may oper- 
ate on both the first channel and the second channel and 
communicate with the access point 600 of FIG. 6 on either 
the first channel or the second channel. As will be further 
described herein, operation on differing channels may be 
employed to reduce installed system component require- 
ments, to alleviate various potential interfering operating 
conditions and to more efficiently route data and messages 
within the wireless local area network. 

[0070] FIG. 9 is a diagram illustrating a communication 
system 900 built and operating according to the present 
invention. The communication system includes an access 
point 902 operating on two channels and access points 904 
and 906 operating on a single channel. Each of the access 
points 902, 904 and 906 connects to a wired LAN backbone 
908 to facilitate wired communication between the access 
points and computer systems 910 and 912 connected to the 
wired LAN backbone 908. 

[0071] Access point 902 includes both a first channel radio 
and a second channel radio. In the embodiment illustrated, 
the first channel radio creates a first channel cell 930 
extending with a first channel radius about the access point 
902. The second channel radio of the access point 900 
creates a second channel cell 932 extending with a second 
channel radius about the access point 902. As illustrated, the 
second channel cell 932 has a larger radius than the radius 
of the first channel cell 930. To create the relatively larger 
cell, the second radio may operate at a higher power, operate 
at a lower data rate or operate in another differing manner to 
create the relatively larger cell. 

[0072] Access points 904 and 906 generate first channel 
cells 934 and 936, respectively. Portable data terminals 920, 
922, 924 and 926 and scanning unit 918 communicate with 
the various access points 902, 904 and 906 and roam about 
the communication system 900, potentially moving from 
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cell to cell. Other devices, such as stationary printers 914 
and 916 typically remain within one cell of the communi- 
cation system 900. In the embodiment illustrated, portable 
data terminals 920 and 926 include multi-mode radios while 
portable data terminals 922 and 924 include both a first 
channel radio and a second channel radio. However, in other 
embodiments, some of the portable data terminals may only 
on one of the channels. 

[0073] As illustrated, terminal 922 includes a first channel 
antenna 940 and a second channel antenna 942 while access 
point 902 includes both a first channel antenna 944 and a 
second channel antenna 946. Thus, whenever the terminal 
922 roams within the second channel cell 932, the terminal 
922 communicates via a second channel radio and second 
channel antenna 942. Further, terminal 950 may communi- 
cate with access point 902 on the first channel via its first 
channel antenna 954 when resident within the first channel 
cell 903. Finally, terminal 952, having a single radio oper- 
able the first channel via antenna 956 may communicate 
with access point 902 on the first channel when resident 
within the first channel cell 932. 

[0074] As shown, portable data terminal 922 resides both 
within the first channel cell 930 and the channel cell 932 
generated by access point 902. Thus, the portable data 
terminal 922 may communicate with access point 902 on 
either the first channel or the second channel. However, 
printer 916 and scanning unit 918 reside only within the 
second channel cell 932 generated by access point 902 and 
must communicate with the access point 902 on the second 
channel. 

[0075] Print data originating at computer 910 and intended 
for printer 916 travels from computer 910, through the wired 
LAN backbone 908 to access point 902 and across first 
channel cell 932 to the printer 916. During this transmission, 
the data is routed through the wired LAN backbone and the 
wireless network based upon the network locations of the 
computer 910 and the printer 916. The combination of these 
segments forms a unique network path. However, a message 
moving from portable data terminal 926 to portable data 
terminal 922 may be routed along two different network 
paths. While both network paths include access point 906, 
wired LAN backbone 908 and access point 902, one network 
path includes first channel cell 930 while the other network 
path includes second channel cell 932. Thus, depending 
upon system conditions and the system configuration, the 
message is routed via one of the two network paths. Such 
conditions may include cell traffic, required data rates and 
other factors. 

[0076] FIG. 10 is a diagram illustrating a communication 
system 1000 built and operating according to the present 
invention wherein one of the access points routes commu- 
nication between two portable terminal units operating on 
different channels within its cell. In the communication 
system 1000, both a first access point 1002 and a second 
access point 1004 include both first and second channel 
radios. The first access point 1002 generates a first channel 
cell 1006 and a second channel cell 1008 within which 
portable data terminals 1012 and 1014 operate. Further, 
second access point 1004 generates a first channel cell 1010 
and a second channel cell 1011 within which portable data 
terminals 1012 and 1014 may operate. In the embodiment, 
the system 1000 prefers to route communication on the first 



channel due to its characteristics although the portable data 
terminals may operate on either channel. 

[0077] As illustrated, portable data terminal 1012 resides 
within both the first channel cell 1006 and the second 
channel cell 1008 generated by access point 1002. However, 
portable data terminal 1014 resides only within the second 
channel cell 1008 of the access point 1002. Thus, in the 
transmission of a message from portable data terminal 1012 
to portable data terminal 1014, access point 1002 receives 
the message from portable data terminal on the first channel 
radio and transmits the message to portable data terminal 
1014 on the second channel. With reference to FIG. 6, the 
processing unit 612 receives the message via the first 
channel radio 616 across the bus interface 610. The pro- 
cessing unit 612 determines the destination of the message, 
and routes the message back across the bus interface 610 to 
the second channel radio 608 that transmits the message to 
portable data terminal 1014. Access point 1004 also pro- 
vides multiple is channel routing of messages between 
portable data terminals 1016 and 1018. 

[0078] Without the multiple channel communication cap a- 
bilities of the communication system 1000, an additional 
access point 1020 having a first channel cell 1022 would be 
required to facilitate communication with portable data 
terminals 1014 and 1018. The cost of such an additional 
access point 1020 would not only include the cost of the 
access point 1020 itself but the expense of connecting the 
access point 1020 to the wired LAN backbone 908 and AC 
power. The cost of such addition would far exceed the cost 
of the second channel radios in access points 1002 and 1004. 
Furthermore, in some installation, extensions of the wired 
LAN backbone 908 are not possible. Even if such access 
point 1020 were installed, the exemplary communication 
would require routing of messages between portable data 
terminal 1012 and 1014 across the wired LAN backbone 
908. Such additional loading slows operation of the wired 
LAN backbone 908 and decreases system performance. 

[0079] FIG. 11 is a block diagram illustrating an embodi- 
ment of a communication system 1100 according to the 
present invention wherein an access point 1102 uses a 
dedicated control/busy channel transmitter 1114 operating 
on a busy/control channel to manage transmissions between 
the access point 1100 and a plurality of roaming portable 
data terminals 1104 and 1106 within its cell. The commu- 
nication system may also contain wired communication to a 
wired Ethernet backbone LAN 908. 

[0080] The access device 1102 includes control circuitry 
1120, a data transceiver 1118, a busy/control transmitter 
1114 and antennas 1115 and 1117. The data transceiver 1117 
supports communication on a communication channel (first 
channel) between the access point 1102 and wireless net- 
work devices operating within Tange of the access point, 
such as the portable data terminals 1104 and 1106. Further, 
the busy/control transmitter 1114 supports tranissions on the 
busy/control channel (second channel). The Ethernet trans- 
ceiver 1115 supports communication between the backbone 
LAN 908 and the control circuitry 1120. 

[0081] Portable data terminals 1104 and 1106 include 
terminal circuitry 1112, a data trasceiver 1108 that commu- 
nicates on the communication channel via antenna 1109 and 
a busy/control receiver 1110 that receives busy/control infor- 
mation via antenna 1111. As previously described, the com- 
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munication channel and the busy/control channel are non- 
convergent and may operate concurrently in a single area or 
location. However, the access point 1102 must operate so as 
not to interfere with incoming transmissions by concurrently 
initiating a transmission. Thus, in one embodiment, trans- 
missions on the communication channel and the control/ 
busy channel are synchronized to prevent such conflicts. 

[0082] The access point 1102 employs the busy/control 
transmitter 1114 to control operations within the first wire- 
less network cell. In one embodiment, the access point 1102 
periodically transmits control parameters that the portable 
data terminals 1104 and 1106 use to synchronize with 
communications on the communication channel. For 
example, with the data transceiver of the communication 
channel operating in a spread spectrum mode, the busy/ 
control transmitter 1114 transmits code spreading sequences, 
frequency hopping parameters and other operating param- 
eters that allow the portable data terminals 1104 and 1106 to 
communicate within the cell on the communication channel. 
Such control information may be intermittently transmitted 
by the access point 1102 or may be continuously transmitted. 

[0083] Additionally, the access point 1102 transmits a 
busy signal on the busy/control transmitter 1114 to authorize 
communication within the cell. To prevent portable data 
terminal 1104, for example, from transmitting while portable 
data terminal 1106 is communicating with the access point 
1102, the access point 1102 transmits a busy signal on the 
busy/control channel using the busy/control transmitter 
1114. The portable data terminal 1104 receives the busy 
signal and does not transmit information while such busy 
signal is active, perhaps entering a sleep mode instead and 
waking up periodically to determine availability. The busy 
signal may include a continuous transmission or periodic 
transmission. However, in both embodiments, portable data 
terminals 1104 and 1106 listen with their respective control/ 
busy receivers 1110 prior to initiating communication with 
the access point 1102. Thus, upon roaming into range of the 
wireless access device 1102, the portable data terminals 
1104 do not interfere with ongoing communication. 

[0084] FIG. 12 is a drawing illustrating advantageous 
operation of the access device and portable data terminals of 
FIG. 11 when two roaming terminals encounter hidden 
terminal conditions. In particular, each of the portable data 
terminals 1208 and 1212 is configured to listen on the 
busy/control channel and to communicate on the commu- 
nication channel only when the communication channel is 
clear (available). In this configuration, when no desire to 
communicate is present, the portable data terminals 1208 
and 1212 need only occasionally check the busy/control 
channel to identify any outstanding messages or communi- 
cation requests as transmitted by the access device 1202. If 
either portable data terminal 1208 or 1212 desires to par- 
ticipate on the communication channel (to initiate commu- 
nication or to respond to awaiting messages or communi- 
cation requests), that terminal need only monitor the busy/ 
control channel long enough to identify that the 
communication channel is clear before responding to a poll 
on the communication channel. As before, the wireless 
access device 1202 may also periodically identify the com- 
munication channel mode and associated parameters as 
selected and reselected by the wireless access device 1202. 

[0085] To fully appreciate this process, first assume that 
the portable data terminals 1208 and 1212 are not within 



range of the wireless access device 1202. Upon wandering 
within range of the access device 1202, the portable data 
terminal 1212 begins listening for transmissions on a busy/ 
control channel. Within some time period thereafter, the 
access device 1202 participates on the busy/control channel 
to transmit current channel conditions and optionally, the 
currently selected communication channel definition (i.e., 
mode and parameters) and/or pending message and com- 
munication request indicators. After identifying a need to 
participate, the portable data terminal 1212 awaits a trans- 
mission from access device 1202 (on the busy/control chan- 
nel) that the selected communication channel is clear (not in 
use). When the channel is clear, the portable data terminal 
1212 begins participating thereon. 

[0086] Second, assume that, while the portable data ter- 
minal 1212 is engaged in ongoing communication with a 
computing device 1206 on a backbone LAN 908 via the 
access device 1202, the portable data terminal 1208 comes 
within range of the access device 1202 and desires to 
participate on the communication channel. The portable data 
terminal 1208 adapts itself to participate on the busy/control 
channel and identifies, in periodic transmissions from the 
access device 1202, that the communication channel is busy. 
Thus, the portable data terminal 1208 must monitor the 
busy/control channel to identify when the communication 
channel is clear before participating on the communication 
channel. 

[0087] This operation works whether or not the portable 
data terminals 1208 and 1212 are within range of each other. 
In particular, portable data terminal 1208, portable data 
terminal 1212 and access device 1202 have transmission 
ranges illustrated by dashed circles 1210, 1214 and 1204, 
respectively. Although both portable data terminals 1208 
and 1212 are within range of the access device 1202, neither 
are in range of each other and, thus, are referred to as 
"hidden" from each other. The access device 1202 is within 
range of both of the portable data terminals 1208 and 1212. 
If the portable data terminal 1208 attempted to transmit on 
the communication channel while the portable data terminal 
1212 was transmitting, a collision would occur at the wire- 
less access device 1202. However, this is not the case 
because both of the portable data terminals 1208 and 1212 
must receive a communication channel clear indication on 
the busy/control channel from the access device 1202 that is 
in range of both, avoiding the hidden terminal problem. 
When participation is completed on the communication 
channel, the portable data terminals 1208 and 1212 resume 
monitoring of the busy/control channel. 

[0088] Participation by the access device 1202 on the 
busy/control channel need only be by transmitting, although 
receiving might also be employed in case the busy/control 
channel is to be shared. Similarly, participation by the 
portable data terminals 1208 and 1212 need only be by 
receiving transmissions, although transmitting might also be 
employed. In particular, transmission might be employed by 
a wireless terminal on the busy/control channel if the 
wireless terminal does not support the currently selected 
communication channel, i.e., does not support the mode and 
associated parameters. 

[0089] FIG. 13 is a block diagram illustrating an alternate 
embodiment of the communication system 1300 of the 
present invention wherein an access point 1302 includes a 
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dedicated control/busy channel transceiver 1310 and roam- 
ing data terminals 1304 communicate with the access point 
1302 using either frequency nimble multi-channel transceiv- 
ers 1305 or a dedicated control/busy channel transceiver 
1326. Thus, the communication system 1300 facilitates 
bi-directional communication on the busy/control channel 
so that the access point 1302 may optimize operation of the 
system 1300. 

[0090] In addition to the busy/control transceiver 1310 
coupled to antenna 1314, the access point includes control 
circuitry 1306, a data transceiver 1312 coupled to antenna 
1316 that facilitates wireless communication on the com- 
munication channel and an Ethernet transceiver 1308 that 
couples the access point 1302 to the backbone LAN 908. 
Portable data terminal 1304 includes terminal circuitry 1112 
and a multi-mode/multi-channel transceiver 1305 that 
allows the portable data terminal 1304 to communicate both 
on the busy/control channel and the communication channel. 
Portable data terminal 1320 includes terminal circuitry 
1322, a busy/control transceiver 1324 coupled to antenna 
1330 that allows the portable data terminal 1320 to com- 
municate on the busy/control channel and a data transceiver 
1326 coupled to antenna 1328 that allows the portable data 
terminal to communicate on the communication channel. 

[0091] Having separate radio units and antennas, the 
access device 1302 participates on: 1) a selected communi- 
cation channel, servicing data exchanges in the communi- 
cation network cell; and 2) the busy/control channel defined 
by predetermined mode and parameter information known 
to all wireless transmitters, controlling access to the selected 
communication channel. Such participation is often simul- 
taneous, preventing a portable data terminal. 1304 or 1320 
from having to wait long on the busy/control channel for a 
transmission. Within a predefined maximum time period, the 
portable data terminal 1304 or 1320 receives transmissions 
from the access device 1302 identifying currently selected 
communication channel mode and associated parameters, 
should such be required. The access device 1302 periodi- 
cally broadcasts such information on the busy/control chan- 
nel to capture terminals that happen to need communication 
channel definitions (e.g., selected mode and parameters) to 
participate. The portable data terminal 1304 utilizes the 
identified mode and associated parameter information to 
switch the multi-mode transceiver 1305 over to the selected 
communication channel and begins participation thereon. 
Portable data terminal 1320 may also alter the operation of 
the data transceiver 1326 based upon the receipt from the 
access point 1302. 

[0092] In operation, the wireless terminal 1304 partici- 
pates on the busy/control channel except when it has a need 
to gain access to the selected communication channel. Thus, 
its operation in the system 1300 is satisfactory. By including 
only the terminal circuitry 1112 and one radio, the portable 
data terminal is less costly than the multi-radio portable data 
terminal 1320. However, because the wireless terminal 1320 
includes two radios, the portable data terminal 1320 may 
place the data transceiver 1326 in a low power state, and 
only power up the busy/control channel transceiver 1324 to 
check in. Thus, portable data terminal 1320 may consume 
less power that portable data terminal 1304. 

[0093] FIG. 14a is a block diagram illustrating a commu- 
nication system 1400 according to the present invention 



wherein an access point 1402 and portable data terminals 
1404 and 1406 operate on a deterministic first channel and 
a non-deterministic second channel and the system 1400 
routes communications on the channels based upon system 
conditions and/or the requirements of a particular commu- 
nication. To carry out such functionality, the access device 
1402 may comprise control circuitry 1408, a wired LAN 
transceiver 1410 and either a single, configurable transceiver 
(for operating on both the deterministic and non-determin- 
istic channels, not shown) or a single transceiver 1412 
coupled to antenna 1413 for operating on the deterministic 
channel and a single transceiver 1414 coupled to antenna 
1415 for operating on the non-determistic channel. 

[0094] In one embodiment, the deterministic channel allo- 
cates a particular communication bandwidth to each wireless 
device requiring communication, perhaps in a polled, token 
passing or time slotted implementation. Such operation may 
be required where many wireless devices reside within a 
single cell and compete for communication with the access 
point 1402. In the embodiment, the access point 1402 also 
allows all devices within the cell to compete for available 
bandwidth on the non-deterministic channel. However, the 
access point 1402 may provide overrides to dynamically 
reallocate bandwidth in the deterministic channel and to 
assign bandwidth on the non-deterministic channel as may 
be required for the particular operating conditions. 

[0095] With a single multi-mode transceiver 1418 coupled 
to antenna 1419 controlled by terminal circuitry 1416, the 
portable data terminal 1404 operates on either the determin- 
istic channel or the non-deterministic channel at any time. 
Alternatively, portable data terminal 1406 having terminal 
circuitry 1420, a deterministic transceiver coupled to 
antenna 1425 and a non-deterministic transceiver 1422 
coupled to antenna 1423 communicate on both the deter- 
ministic channel and non-deterministic channel simulta- 
neously. 

[0096] Independent of their differing constructions, the 
portable data terminals 1404 and 1406 may determine which 
channel to operate upon. During data transfer operations 
wherein data transfer rates are not critical, portable data 
terminal 1404 may determine that the deterministic channel 
provides sufficient bandwidth. In that case, the portable data 
terminal 1404 configures its multi-mode transceiver 1418 to 
operate on the deterministic channel. However, during voice 
message transfer operations, the portable data terminal 1404 
may determine that the bandwidth of the deterministic 
channel is not satisfactory. In that case, the terminal circuitry 
1404 would configure the multi-mode transceiver 1418 to 
operate on the non-deterministic channel. 

[0097] FIG. 146 is a diagram illustrating a communication 
system 1450 according to the present invention that facili- 
tates both wired and wireless communications. The com- 
munication system 1450 includes a wired backbone 1452 
and at least one access point 1456 that supports communi- 
cation over a deterministic, time bounded first wireless 
channel and a non- deterministic, contention access second 
wireless channel. Along with the access point 1456, the 
communication system 1450 may also include a PBX (Pri- 
vate Broadcast Exchange) system 1454, one or more of a 
computer 1454, and other typical wired network devices 
interconnected by the wired backbone 1452. Additionally, 
the communication system 1450 comprises a plurality of 
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wireless network devices, such as wireless terminals 1470, 
1472 and 1474, which may be portable hand-held devices, 
mobile computing devices, laptop computers, wireless 
peripherals, etc. 

[0098] Communication upon the wired backbone 1452 
may be accomplished according to various communication 
techniques. In one embodiment, communication upon the 
wired backbone 1452 occurs via an STM (Synchronous 
Transfer Mode) protocol wherein the wired backbone 1452 
serves as an STM backbone. With the STM protocol, a 
particular bandwidth is provided for each communication 
link established between a sending and a receiving device 
attached to the wired backbone 1452. 

[0099] In another embodiment, communication upon the 
wired backbone 1452 is carried out using an ATM (Asyn- 
chronous Transfer Mode) protocol in which bandwidth 
between a sending and a receiving device on the wired 
backbone 1452 is adjusted based upon immediate commu- 
nication requirements. In such operation, the wired back- 
bone 1452 serves as an ATM backbone. Operation according 
to the ATM protocol allows for variations in data transmis- 
sion bandwidths as is immediately required but that provides 
an average bandwidth over time. 

[0100] The at least one access point 1456 provides a link 
between the wireless and wired communications within the 
communication system 1450. The access point 1456 
includes a time bounded adapter 1458 connected to an 
antenna 1460 which provides wireless communication on 
the deterministic, time bounded first wireless channel gov- 
erned by a first wireless protocol. The access point 1456 also 
includes a contention adapter 1462 connected to an antenna 
1464 which provides wireless communications on the non- 
deterministic, contention access second wireless channel 
governed by a second wireless protocol. Alternatively, part 
or all of the circuitry underlying the adapters 1458 and 1462 
may be combined into a single unit to share common 
underlying functionality. 

[0101] The wireless network device 1470 includes either a 
dual purpose transceiver or two transceivers for communi- 
cating on the first and second wireless channels via the first 
and second wireless protocols, respectively. A transceiver in 
the wireless network device 1472 only supports communi- 
cation on the second wireless channel pursuant to the second 
wireless protocol. Likewise, a transceiver in the wireless 
network device 1474 supports communication on the first 
wireless channel pursuant to the first wireless protocol. For 
example, the wireless network device 1474 might comprise 
a portable phone unit operating using, e.g., PCS (Personal 
Communication Service) or other telephony protocol as the 
first wireless protocol. 

[0102] Although direct communication is possible, to 
manage the first wireless channel, the at least one access 
point 1456 relays wireless communication between the 
wireless network devices 1470 and 1474 if both participate 
on the first wireless channel. If the at least one access point 
1456 is the only access point involved that services the two 
devices 1470 and 1474, such relaying need not involve the 
wired protocol on the backbone 1452. If the device 1470 
happens to communicate via the second wireless channel, 
the access point 1456 internally translates and relays com- 
munications between the devices 1470 and 1474. Similarly, 
if the device 1470 intends to communicate with a wired 



network device using either the first or second wireless 
protocol, the access point 1456 utilizes the first or second 
wireless protocols, respectively, to communicate with the 
device 1470. The access point 1456 also communicates with 
the target wired network device, e.g., the computer 1454, via 
the wired communication protocol. Relaying between the 
wired and wireless channels also requires translation. 

[0103] If more than one access point is coupled to the 
wired backbone 1452, for example, to support many more 
wireless network devices, roaming wireless network devices 
and/or extended coverage regions, the access points only 
utilize wired backbone bandwidth if necessary. Each access 
point attempts to minimize external bandwidth (of wired and 
wireless channels) by preferring internally performed relay- 
ing and, when needed, translation (between the first and 
second wireless protocols, or between the wired protocol 
and either the first or the second wireless protocol). 

[0104] The PBX system 1454 connects the wired back- 
bone 1452 through a switched telephone network to other 
communication systems such as the system 1452. This 
facilitates communications between all wireless and wired 
network devices, such as the computer 1454, the device 
1470 and remote network devices (devices) connected else- 
where to the switched telephone network. In circuit switched 
applications, a VLAN (virtual local area network) can be 
established between wired and wireless network devices 
coupled to the wired backbone 1452. Such coupling also 
includes remote network devices coupled via the PBX 
system 1454. 

[0105] FIG. 15 is a diagram illustrating the access point 
1402 and portable data terminals 1404 and 1406 of FIG. 14a 
wherein a system 1500 routes various transmissions accord- 
ing to system conditions such as channel activity, data type 
and data priority. In the system 1500, access point 1402 
forms cell 1512 while access point 1504, operating on only 
a single channel, forms cell 1514. Thus, while access point 
1402 must determine how to allocate wireless communica- 
tions among the deterministic channel and non-deterministic 
channel in its cell 1512, access point 1504 routes all com- 
munications on its only channel. 

[0106] In a first example of the operation of the system 
1500, data from computer system 1502 is transmitted to 
portable data terminal 1406. The computer system 1502 
transmits the data through the wired LAN backbone 908 to 
the access point 1402. The access point 1402, having a 
deterministic transceiver 1412 and a non-deterministic 
transceiver 1414, routes the data through one of the trans- 
ceivers. Based upon the type of data, the quantity of data, the 
rate at which data may be passed on either channel, the 
amount of traffic on the channels and other conditions, the 
control circuitry 1408 in the access point 1402 routes the 
data on either the non-deterministic channel via the non- 
deterministic transceiver 1414 or on the deterministic chan- 
nel via the deterministic transceiver 1412. In the present 
example, the data to be transferred has a relatively low 
priority and the access point routes the data on the deter- 
ministic channel to the portable data terminal 1404. Like- 
wise, print jobs from the computer 1402 to the printer 1510 
would also have relatively low priority and be transmitted 
via the non-deterministic channel. 

[0107] Next, consider data transmissions from scanner 
1508 to computer system 1502. During operation, the scan- 
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ner transmits an image to the computer system 1502 for 
decoding and the computer system 1502 returns decoded 
information at which point the scanner ceases scanning. 
Rapid transmission between the scanner 1508 and the com- 
puter system 1502 reduces the time within which the scanner 
1508 performs scans. Thus, rapid transmissions may reduce 
energy consumption in the scanning process that drains 
battery life of the scanner 1508. Thus, the scanner 1508 and 
access point 1402 both attempt to transmit data on the 
non-deterministic channel at a relatively higher data transfer 
rate. However, if the non-deteministic channel is unavail- 
able, the transmission on the deterministic channel may be 
satisfactory. 

[0108] In the case of a voice message transmission from 
portable data terminal 1506 in cell 1514 to portable data 
terminal 1404 in cell 1512, transmission on the deterministic 
channel may be unsatisfactory. Thus, upon an incoming 
voice message transmission, the access point 1402 may 
reallocate the deterministic channel allocating additional 
bandwidth for the voice message. In an alternative opera- 
tion, the access point 1402 may interrupt communication on 
the non-deterministic channel and transmit the voice mes- 
sage to the portable terminal unit 1404 on the non-deter- 
ministic channel. Thus, in the mode of operation of the 
system 1500 modifies its operation to provide sufficient 
bandwidth for the voice message. 

[0109] In view of the above detailed description of the 
present invention and associated drawings, other modifica- 
tions and variations will now become apparent to those 
skilled in the art. It should also be apparent that such other 
modifications and variations may be effected without depart- 
ing from the spirit and scope of the present invention as set 
forth in the claims that follow. 

What is claimed is: 

1. A communication network for collecting and commu- 
nicating data, comprising: 

a wireless access device comprising a control circuit and 
a first RF transceiver that selectively operates in one of 
a plurality of spread spectrum modes; 

at least one mobile terminal comprising a second RF 
transceiver that operates in at least one of a plurality of 
spread spectrum modes; and 

the control circuit responsive to transmissions received 
from the first RF transceiver for evaluating communi- 
cation performance and dynamically selecting one of 
the plurality of spread spectrum modes of the first RF 
transceiver while taking into consideration at least one 
of the plurality of spread spectrum modes of the second 
RF transceiver. 

2. The communication network of claim 1 wherein the 
plurality of spread spectrum modes of the first RF trans- 
ceiver comprising a direct sequence transmission mode and 
a frequency hopping mode. 

3. The communication network of claim 1 wherein the 
plurality of spread spectrum modes of the first RF trans- 
ceiver comprising a direct sequence transmission mode and 
a channelized direct sequence mode. 

4. The communication network of claim 1 wherein the 
plurality of spread spectrum modes of the first RF trans- 
ceiver comprising a frequency hopping mode and a hybrid 
frequency hopping mode. 



5. The communication network of claim 1 wherein said 
first RF transceiver operates to support a communication 
channel and a busy/control channel on a timeshared basis. 

6. In a communication network, a plurality of wireless 
access device capable of communicating with a plurality of 
wireless terminals, each of the plurality of wireless access 
device comprising: 

a first radio controllable to support a communication 
channel operating pursuant to one of a plurality of 
modes; 

a second radio supporting a busy/control channel inde- 
pendent of the communication channel; 

a controller that selects one of the plurality of modes and 
controls the first radio to support the selection; and 

the controller utilizes the second radio to communicate on 
the busy/control channel to manage the communication 
channel. 

7. In the communication network of claim 6, wherein the 
plurality of modes includes a plurality of spread spectrum 
modes. 

8. In the communication network of claim 7, wherein the 
first radio comprises a multimode radio and the second radio 
comprises a transmitter. 

9. In a communication network, a plurality of wireless 
access device capable of communicating with a plurality of 
wireless terminals each of the plurality of wireless access 
device comprising: 

a transceiver controllable to operate pursuant to any of a 
plurality of communication modes; 

a controller that selects from the plurality of modes a 
communication channel and an independent, busy/ 
control channel; and 

the controller controls the transceiver to support data 
routing on the communication channel while managing 
access to the communication channel while managing 
access to the communication channel via the busy/ 
control channel. 

10. In the communication network of claim 9, wherein the 
plurality of communication modes includes a plurality of 
spread spectrum modes. 

11. An access point for communicatively coupling a first 
roaming wireless device and a second roaming wireless 
device to a wired link, the access point comprising: 

a housing; 

a control circuit disposed in the housing; 

a wired transceiver, disposed in the housing, that is 
communicatively coupled to the control circuit and the 
wired link; 

a first wireless transceiver, disposed in the housing, that is 
communicatively coupled to the control circuit, the first 
wireless transceiver operating on a first wireless com- 
munication channel to communicatively couple with 
the first roaming wireless device; 

a second wireless transceiver, disposed in the housing, 
that is communicatively coupled to the control circuit, 
the second wireless transceiver operating on a second 
wireless communication channel to communicatively 
couple with the second roaming wireless device; and 
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the control circuit accommodates communications 
between the first wireless transceiver and the second 
wireless transceiver exclusive of the wired link. 

12. The access point of claim 11, further comprising a bus 
interface communicatively coupling the control circuit to the 
first and second wireless transceivers and the wired trans- 
ceiver. 

13. The access point of claim 12, wherein the bus inter- 
face is substantially compliant with a bus standard. 

14. The access point of claim 13, wherein the bus standard 
is the PCI standard. 

15. The access point of claim 11, wherein the wired 
transceiver accommodates communication with an ethernet 
network. 

16. The access point of claim 11, wherein the wired 
transceiver accommodates communication with a token-ring 
network. 

17. The access point of claim 11, wherein the wired 
transceiver accommodates communication with an asyn- 
chronous transfer mode network. 

18. The access point of claim 11, wherein the wired 
transceiver accommodates communication with a pack- 
etized network. 

19. The access point of claim 11, wherein the first wireless 
transceiver supports a substantially non-deterministic media 
access protocol and the second wireless transceiver supports 
a substantially deterministic media access protocol. 

20. The access point of claim 11, wherein the first wireless 
transceiver and the second wireless transceiver support 
substantially distinct non-deterministic media access proto- 
cols. 

21. The access point of claim 11, wherein the first wireless 
transceiver and the second wireless transceiver operate 
independently to form a first communication cell and a 
second communication cell. 

22. The access point of claim 11, wherein the control 
circuit synchronizes transmissions on the first radio channel 
and the second radio channel to minimize conflicts between 
transmissions on one wireless transceiver and receipts on the 
other wireless transceiver. 

23. The access point of claim 11, wherein the wired link 
is a local area network. 

24. An access point for establishing communications with 
a wired link, the access point comprising: 

a first wireless transceiver operating to establish a first 
wireless cell; 

a second wireless transceiver operating to establish a 
second wireless cell; 

the first and second wireless transceivers being located 
such that the first and second cells are substantially 
overlapping; 

a control circuit that communicatively couples the first 
and second wireless transceivers to one another; 

a wired transceiver that communicatively couples the 
control circuit to the wired link; and 

the control circuit communicatively couples the first wire- 
less transceiver and the wired transceiver. 

25. The access point of claim 24, wherein the first and 
second wireless transceivers each comprise processing cir- 
cuitry that supports a communication protocol. 



26. The access point of claim 24, wherein the control 
circuit allows communications between the first wireless 
transceiver and the second wireless transceiver exclusive of 
the wired link. 

27. The access point of claim 24, wherein the first wireless 
transceiver supports a substantially non-deterministic media 
access protocol and the second wireless transceiver supports 
a substantially deterministic media access protocoL 

28. The access point of claim 24, wherein the first wireless 
transceiver and the second wireless transceiver support 
substantially distinct non-deterministic media access proto- 
cols. 

29. A communication network comprising: 
a wired LAN; 

a plurality of access point coupled via the wired LAN, 
each of the plurality of access points comprising: 

a housing; 

a control circuit disposed in the housing; 

a wired transceiver, disposed in the housing, that is 
communicatively coupled to the control circuit and 
the wired link; 

a first wireless transceiver, disposed in the housing, that 
is communicatively coupled to the control circuit and 
the first roaming wireless device, the first roaming 
wireless device operating on a first wireless commu- 
nication channel; and 

a second wireless transceiver, disposed in the housing, 
that is communicatively coupled to the control cir- 
cuit and the second roaming wireless device, the 
second roaming wireless device operating on a sec- 
ond wireless communication channel; and 

the control circuit accommodates communications 
between the first wireless transceiver and the second 
wireless transceiver exclusive of the wired fink; 

a first roaming wireless device comprising a third wireless 
transceiver that operates on the first wireless commu- 
nication channel; and 

a second roaming wireless device comprising a fourth 
wireless transceiver that operates on the second wire- 
less communication channel. 

30. The communication network of claim 29, wherein the 
first roaming device operates only on the first wireless 
communication channel. 

31. The communication network of claim 29, wherein the 
first roaming wireless device and the second roaming wire- 
less device have different transmission characteristics. 

32. The communication network of claim 29, wherein the 
first roaming wireless device and the second roaming wire- 
less device incorporate different data throughput capabili- 
ties. 

33. The communication network of claim 29, wherein the 
first roaming wireless device and the second roaming wire- 
less device operate independently to form a first communi- 
cation cell and a second communication cell, respectively. 

34. The communication network of claim 29, wherein the 
radius of the first communication cell substantially equals 
the radius of the second communication cell. 
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35. The communication network of claim 29, wherein the 
wired transceiver accommodates communication with an 
Ethernet network. 

36. The communication network of claim 29, wherein the 
wired transceiver accommodates communication with a 
token-ring network. 

37. The communication network of claim 29, wherein the 
wired transceiver accommodates communication with an 
asynchronous transfer mode network. 

38. The communication network of claim 29, wherein the 
wired transceiver accommodates communication with a 
packetized network. 

39. The communication network of claim 29, wherein the 
first wireless transceiver supports a substantially non-deter- 
ministic media access protocol and the second wireless 
transceiver supports a substantially deterministic media 
access protocol. 

40. The communication network of claim 29, wherein the 
first wireless transceiver and the second wireless transceiver 
support substantially distinct non-deterministic media 
access protocols. 

41. The communication network of claim 29, wherein the 
third wireless transceiver is a PCMCIA card. 

42. A communication system, comprising: 

a wired LAN; 



a plurality of access point coupled via the wired LAN, 
each of the plurality of access points comprising: 

a housing; 

a control circuit disposed in the housing; 

a wired transceiver, disposed in the housing, that is 
configurable to communicatively couple the control 
circuit to a wired local area network; 

a first wireless transceiver, disposed in the housing, that 
is communicatively coupled to the control circuit, 
the first wireless transceiver operating pursuant to a 
substantially deterministic, time bounded wireless 
communication protocol; and 

a second wireless transceiver, disposed in the housing, 
that is communicatively coupled to the control cir- 
cuit, the second wireless transceiver operating pur- 
suant to a substantially non-deterministic contention 
access wireless communication protocol; and 

a plurality of roaming wireless devices that each wire- 
lessly communicate with at least one of the first and 
second wireless transceivers. 

***** 
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